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BABY TOOTH SURVEY - - FIRST RESULTS 


THE Greater St. Louis Citizens’ Committee for Nuclear Information is proud. to 
present the first scientific report of its Baby Tooth Survey. These are the first 
measurements which show how much strontium 90 was absorbed during specific 
years (1951 — 1954 in this report) by a large number of children living in a parti- 
cular locality. The strontium 90 figures in this bulletin are based on the analysis 
of 1,235 teeth out of the total 67,500 that have been collected so far from children 
in the St. Louis area. This is now the first place in the world for which such in- 
formation is available. 

Until now, scientific knowledge of the strontium 90 absorbed by children was 
based on analysis of bone samples, which are necessarily limited in number. 
Survey results show that it is feasible to determine body strontium 90 content by 
use of the baby teeth which children shed. Methods developed by the Survey can 
now be used to obtain valuable new information about the absorption of strontium 
90 by children throughout the world. In St. Louis the Survey will continue as long 


as the need for this type of monitoring is evident. 
This bulletin is based on a scientific article by Louise Reiss, M.D.,in the 
24 November 1961 issue of the journal Science. 


EVER SINCE the word “fallout” first appeared in the 
daily newspapers, the question has been asked, What will 
radioactive fallout do to the health of our children? The 
Committee for Nuclear Information (CNI) was formed in 
1957 to find and disseminate objective information about 
faliout and other problems of the nuclear age. From the 
beginning, however, it was obvious that even if all the 
known information were gathered and made available, 
there would still be some fundamental unanswered ques- 
tions. One such question was, How much radioactive 
fallout are children absorbing? It was known that one 
element in fallout, strontium 90, settled in growing bones, 
but there was very little information at that time on how 
much was in our diet or to what extent it was being ab- 


sorbed by human bones. 
We know that radioactive fallout occurs hours to years 


after a nuclear explosion has spread its debris into the 
atmosphere. (The “debris” is made up of the bomb’s 
fission products and the material — earth, water, stone, 
living matter — that the explosion has vaporized and 
pulverized.) The fine radioactive particles are carried 
high into the upper levels of the troposphere and strato- 
sphere, where they float on the high winds aloft, on the 
great rivers of air that flow above our world, and gradual- 
ly silt down to earth. Most of the fallout comes down 
within a few years, and it tends to concentrate in the 
middle latitudes, where most of the world’s peoples live. 
The radioactive particles fall upon the cereals and vege- 


tables we eat; they are eaten with the grass by the do- 
mestic animals which give us milk and meat. They enter 
our bodies with food and drink, and although most will 
pass out quickly, some will remain. 

As for strontium 90, a radioactive isotope of the 
ordinary stable strontium, it was known to have an affin- 
ity for bone, because of its chemical similarity to cal- 
cium. It has a half-life period of 28 years, meaning that 
every 28 years half of it loses its radioactivity, by shoot- 
ing it forth. Taken into a child’s body with the food, 
some of it js deposited with calcium in the growing 
bones and for perhaps the total life of the child will emit 
its rays inside. 

No one can know exactly how much strontium 90, in 
which bones, in what child, over how many years, will 
cause leukemia or cancer — or whether in any particular 
child it will at all. There is no direct information about 
the consequences of exposing the total population to low 
levels of radiation for entire lifetimes, which is the 
situation with fallout. But radioactivity in the bones may 
irradiate the sensitive blood forming tissues of the bone 
marrow and the living cells of the bone itself, and itis 
known that in sufficiently large amounts it may cause 
bone cancer and leukemia. 

Against this background, in August 1958 a Johns 
Hopkins University biochemist, Dr. Herman M. Kalckar, 
suggested that, since teeth are simular to bone, deci- 
duous (milk) teeth could be used to find out how much 
strontium 90 is being absorbed in children’s bones. In a 


Copyright 1961, Greater St. Louis Citizens’ Committee for Nuclear Information 


“Od 
| 5 
At 
/ 
: 
: 
Np 
A 


Figure 1 


No. | Sex 
De not wri this space | af Dote tooth lost: 


c t write in this s 


Mother's residence during this pregnancy: 
ty 


Child's residence during the first yeor 


Months on breest: Kind of milk used in formula 


Other milk used first yeor: 


Months on formule: 


4 
00 NOT WRITE BELOW THIS LINE 


incisor Ist molor Corious Non-corious 
Restored Non-restored 
Cuspid 2nd molor Root Rootless 


Strontium—90 1s 


been increasing in food 
es and teeth of chil 


The teeth you send will be analysed for strontium—90 so that more may be 
learned about the accumulation of this radioactive substance in the human 
body. Results will be published. Since teeth must be 
pooled to provide enough material for each analysis 
no reports on individual teeth can be made. 


Please send baby teeth from children of all ages and 
as many teeth as possible from each child. 


Send a tooth - get a button 
Baby Tooth Survey form. 


British scientific journal, Nature, he published a call for 
a world wide survey of baby teeth for strontium 90 con- 
tent, and stated: “Such an Intemational Milk Teeth 
Radiation Census would contribute important information 
concerning the amount and kind of radiation received by 
the most sensitive section of any population, namely, 
the children.” 

This suggestion made sense to CNI. The need for in- 
formation was plain and urgent. CNI, an organization 
which combines scientific and civic talents, seemed to 
be ideally suited for such a project, which would require 
mobilizing the entire community. We took up the chal- 
lenge. 


The Baby Tooth Survey was initiated by CNI in De- 
cember, 1958. Although the idea that teeth could be used 
as a measure of strontium 90 uptake in bones was sound- 
ly based on existing information, no one knew whether, 
as a practical matter, it could be done. Its feasibility 
was not at all certain. An added problem was that col- 
lection of samples would have to start immediately, 
even before the rationale and methodology of the project 
could be completely worked out. Otherwise, the teeth 
that were being shed at that moment, which had been 
formed before significant fallout, would be lost, and it 
was essential to have them as a base against which to 
judge later, more radioactive teeth. The need was not 
only great, but urgent. 


The First Task: Callection 

There was the problem of organization. Louise Zibold 
Reiss, M.D., an internist, accepted the task of director; 
she worked with a Baby Tooth Survey Committee of 
women volunteers, headed by Mrs. Joseph P. Logan, to 
tackle the first and primary task — the collection. A 
Scientific Advisory Group, with members from both Wash- 
ington and St. Louis Universities, helped to plan the 
program. 
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There was the problem of financing. The collection 
program got off the ground with early and continuing 
help from the Leukemia Guild of Missouri and Illinois. 
Other assistance came through grants from Consumers 
Union, Inc., and from the Cancer Research Committee, 
Washington University (American Cancer Society). 

One of the important developments in the first months 
of the Baby Tooth Survey was the decision by the School 
of Dentistry of Washington University to establish a new 
laboratory of isotope analysis of the teeth that the Survey 
was collecting. A grant of $197,454 was obtained from 
the U.S. Public Health Service, special equipment was 
built, and in the summer of this year the laboratory began 
to analyze Survey teeth. This bulletin reports the results 
of preliminary studies undertaken by Dr. Reiss while the 
laboratory was being planned and built. 

As soon as the project got under way it was clear that 
in addition to the main question — 

e How much strontium 90 do children’s shed baby 

teeth contain? 
— there were other fundamental questions that had to be 
answered: 

e Would the community cooperation required for such 

a large-scale collection be forthcoming? 

e How many teeth, what quality and what kinds, would 

be necessary for meaningful data? 

e Do we know that the teeth and bones of an individ- 

val will accumulate strontium 90 to the same degree? 

e Since baby teeth are formed partly before birth, 

would this complicate interpretation of the data? 

The first report is in. The strontium 90 results for the 
years 1951 to 1954 are shown in Figure 3. The general 
answer to the other questions is, after two years and ten 
months of hard work by many persons, that baby teeth 
can be an important tool for measuring strontium 90 
uptake in man. 

Let’s go into greater detail. 


CAN A LARGE-SCALE COLLECTION BE MADE? 

An arbitrary goal set was 50,000 baby teeth of all 
kinds per year, for a ten-year period. This is a sizeable 
fraction of the total teeth shed by all children in greater 
St. Louis. Voluntary community cooperation would be 
needed to an extent perhaps unprecedented in a_scienti- 
fic project. Would it be forthcoming? 

From the first, the dental schools of Washington and 
St. Louis Universities worked in cloSe cooperation with 
the Committee for Nuclear Information. In order to ex- 
plain the purpose of the survey to the public without 
arousing alarm because of possible misunderstanding, 
the committee’s speakers conducted an extensive pro- 
gram of education on nuclear problems. The 1960 Spring 
Tooth Drive began with the proclamation, accompanied 
by considerable publicity, of “Tooth Survey Week” by 
Mayor Tucker of St. Louis, and was so widely supported 
by the entire community that 10,000 teeth were collected 
in a single month. Active and continuing support has 
come from community health officials, from the St. Louis 
Dental Society, private dentists and dental clinics, all 
school superintendents, librarians, the St. Louis Phar- 
maceutical Association and many Y, church and scout 
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groups. Both St. Louis newspapers have given generous- 
ly of their space. It was especially desirable to arouse 
the enthusiasm of children, and children’s radio and TV 
programs proved a great help. The symbol of the collec- 
tion campaign is a beaming cartoon child’s head — with 
a wide, gap-toothed grin; a button with this symbol, over 
the legend “I gave my tooth to science,” is sent to each 
child who contributes a tooth. The buttons began to 
appear in the playgrounds and schools. 


Classification Essential 
It is necessary to classify the teeth according to 


environmental influences that might affect their uptake 
of strontium 90. Meaningful results can only come from 
careful sorting and sampling; to mix teeth of different 
ages and backgrounds together, for instance, would 
muddy the data and make the whole project useless. 
This is another reason why such a large collection was 
necessary — there have to be enough teeth to make up a 
reliable sample of each separate category, not just a 
large total number of teeth. And the less strontium 90 
in each tooth, the larger the number of teeth needed in 
each sample. 

Certain background information therefore is neces- 
sary, and has to accompany each tooth: date of birth; 
date tooth was lost; residence of mother during this 
pregnancy; residence of child during first year of life; 
duration of breast feeding, if any; duration of formula 
feeding; kind of milk used in the formula, and other milk 
used during the first year. All this is in the standard 
form, with complete instructions (see Fig. 1). Question- 
naires are detached from the form and become permanent 
record cards for the teeth. Of all local teeth received, 
about 95% have been accompanied by correctly filled 
questionnaires. This statistic shows the great extent 
of community cooperation. 

Over one million tooth survey forms have so far been 
distributed, through schools, dentists, pediatricians, 
etc. Teeth are catalogued by members of the Women’s 
Auxiliary of the St. Louis Dental Society. The entire 
collection program, from the director on down, with the 
exception of one paid secretary, has been done complete- 
ly by voluntary help. Many persons have worked hard for 
long hours, day after day, with little recognition or 
reward. 


Every Tooth is Catalogued 

No tooth received goes naked or unmarked; each has 
its own separate, numbered envelope, its file number on 
a record card, its completed questionnaire. (If it is not 
completed, a phone call is made to the parents.) A 
pedodontist (children’s dentist) then examines each 
tooth and records the kind and presence of cavities, 
amalgam, and root on each card, Teeth are stored by 
number; record cards are filed according to month of 
birth, tooth type, whether baby was fed by breast or 
bottle, and the presente or absence of cavities. 

Since January, 1959, 67,500 teeth have been collected 
- 14,500 in 1959, 27,000 in 1960 and 26,000 so far in 
1961. They are coming in at the rate of 750 per week — 
over 100 per day. The fall tooth drive has just begun and 
is expected to bring in substantially more teeth before 
the year is over. The Baby Tooth Survey has apparently 


lost its own milk teeth, and has become a growing in- 
stitution with a bite! 


Composition of the Collection 

Approximately 10% of teeth received thus far came 
from beyond the area of study — which includes St. 
Louis and environs within,100 miles. Another 15% came 
from children who were born elsewhere. Of the first 
20,436 teeth collected from St. Louis-born children 
during 1959 and 1960, 11,656 were incisors, 2652 cus- 
pids, 3161 first molars, and 2967 second molars. The 
cuspids and first and second molars, of course, came 
from older children whose peak year of birth was 1950. 
These teeth had a relatively high incidence of cavities, 
which complicates preparing the teeth for analysis: 
15.4% for cuspids, zooming up to 67.1% for first molars 
and 78% for second molars. Of the incisors, on the other 
hand, representing children whose peak birth years were 
1952 and 1953, only 5.4% had caries. 

The community participation and the techniques of 
collection have been worked out and refined. The teeth 
assembled make up an absolutely unique collection, both 
in number and in the years they span. The answer to the 
first fundamental question is, yes, it is feasible to 
collect enough shed milk teeth. 


STRONTIUM 90 ANALYSES OF BABY TEETH 

For all practical purposes, including this study, the 
fully-formed tqoth is a stable structure, which will retain 
the mineral composition it had at the time of its forma- 
tion. The enamel can, of course, be altered chemically 
by rot, or by the dentist’s drill, and very slight amounts 
of dentin are laid down during the life of the tooth; but 
these do not alter the basic picture. Therefore, the shed 
baby tooth should give information about the amount of 
strontium 90 taken up during the year of the child’s birth 
five to twelve years before falling out. 

Calcification of the crown of the tooth begins- after 
the 12th week of pregnancy, and is completed during 
the first year after birth. There is still doubt about how 
long it takes in each case, and there is much variation 
from tooth to tooth. Figure 2 gives the approximate 
periods. Root development continues beyond this period, 
but roots are resorbed before shedding and are not in- 
volved in this study. 


Figure 2 
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The First Study 


The teeth chosen for analysis in this first study 
were incisor teeth from children who were born during 
the last two quarters of the years 1951 through 1954, who 
lived in the St. Louis area during the first year of their 
lives, and whose mothers had lived there during preg- 
nancy. Each batch, or sample, of teeth consisted of an 
equal number of teeth from each of the three months of 
the quarter year. Badly decayed teeth, and those of 
children fed on milk substitutes were not used; minor 
decay and root fragments were ground off. Teeth of breast 
and bottle-fed children were analyzed separately. The 
breast fed group included teeth of children who had 


been breast fed for a month or longer. 
It takes a larger sample to measure Sr90 in low con- 


centrations, and for the years of birth before 1953 a 
sample of about twelve grams of ground teeth — 90 
incisors — was used. During and after 1953 there was 
more fallout, and the sample size used for those years 
was less. 

Analysis for Sr90 is a difficult and tedious process, 
requiring a special laboratory. These samples were all 
tested at the laboratories of Isotopes, Incorporated, of 
Westwood, New Jersey. 

Results are shown in Figure 3. With time, as we 
proceed from children born in 1951 through 1954, the 
concentration of Sr90 in the teeth curves upward — 
corresponding with the increase of Sr90 in the diet. 

In 1951 the teeth contained an average of about 0.17 
micromicrocuries of Sr90 per gram of calcium. In 1952 
this figure was almost 0.20. It rose to averages of 0.32 
in 1953 and 0.57 in 1954. 


Results Reflect Fallout Picture 

The results reflect the fallout picture in those years. 
Although fallout monitoring at that time was not as 
detailed as it is now, we know from chemical analyses 
of soil in various parts of the U.S. that the amount of 
Sr90 on the ground was very low until 1953. Before that 
date the bombs tested were of the small type — atomic 
bombs. Beginning in 1953, when the hydrogen bomb was 
developed, the scale of testing increased abruptly and 
the amount of Sr90 on the ground began to increase 
rapidly. 

Figure 3 shows, accordingly, a relatively low and 
constant Sr90 content in teeth formed in 1951 and 1952. 
The teeth that developed in the second half of 1953 show 
a Sr90 content which approaches twice that of the earlier 
years. The teeth formed a year later show a continued 
rise in Sr90 content. This shows why CNI emphasized 
the importance of an early start in the tooth collection 
program, for if the project had been delayed a year or 
two the base line established by the 1951-52 values 
would have been missing. 

How “Hot” is St. Louis? 

How “hot” is the St. Louis area in comparison with 
the rest of the country, on the basis of these figures for 
the period 1951 — 1954? Unfortunately, there are only a 
few figures for that period, based on bone samples, with 
which we can compare our results. The St. Louis figures 
appear to be only slightly higher than other national fig- 
ures available for that period, but it is too soon to know 
whether this trend was maintained in subsequent years. 
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Early measurements of the Sr90 content of St. Louis milk 
had pointed to the possibility that St. Louis teeth and 
bones might be twice as high as the national average, 
but a later change in the sampling method threw con- 
siderable doubt on the earlier figures. Continued monitor- 
ing by the Baby Tooth Survey will provide a direct way 
of answering the question of how “hot” the St. Louis 
area is. 

There is no doubt that a small fraction of Sr90 is 
added after tooth formation is complete. Previous stud- 
ies, with other materials, have indicated this. The 
amounts shown in Figure 3 for 1951 and 1952 undoubted- 
ly represent the maximum possible that could be taken 
up in this manner. Even in those years there was some 
environmental Sr90 present. 
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Strontium 90 in St. Louis baby teeth: first results. Amount of 
Sr90 in teeth, measured in micromicrocuries per gram calcium 
(vertical axis), began increasing after 1952. 


Since the mother acts much as a filter, breast feeding 
had been expected to reduce the Sr90 in baby teeth. Re- 
cent studies have shown that the ratio of strontium to 
calcium in mother’s diet is reduced to 1/10 in her milk. 
Therefore, it was surprising when the differences turned 
out to be minor (Figure 3). The length of breast feeding 
apparently makes a great difference: in the one sample 
which does show a substantial gap between breast fed 
and bottle fed, 35% of the babies were breast fed for 
six months or more; in other samples only 15 to 21% were 
breast fed this long. 


DO TEETH TELL THE BONE STORY? 

The purpose of this study, of course, is to show the 
concentration of Sr90, not in teeth, but in bone — using 
the concentration in teeth merely as a convenient measur- 
ing device. The validity of this device, however, had not 
been demonstrated scientifically. Therefore, Dr. Reiss 
decided to make a separate study to compare Sr90 and 
calcium uptake in teeth and bone in an identical biologic 
environment. Since the mother’s womb provides this, 
she chose to study the Sr90 ratio in the teeth and bones 
of stillborn infants. 

Baby teeth from 43 full-term stillborn infants, were 
analyzed in three pools. Skeletons of the same infants 
were analyzed individually. The $r90 content in both bones 
and teeth were compared, and found to be so close as to 
be, for all practical purposes, identical. (Table 1) The 
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$r90 concentration in the teeth of new born babies is, 
therefore, apparently a good measure of concentration in 
the entire skeleton. 

Individual bones of several skeletons were analyzed 
separately, and the Sr90 distribution was found to be 
uniform. Other researchers have also found that Sr90 
spreads evenly through the bones of infants and children. 


Table |: Strontium 90 concentration in 3 pools of teeth and 
bones obtained from stillborn infants. 


Number of pye strontium 90/gm. Calcium 
Pool Individuals 
in pool Bone Tooth pool 
A 10 1.04 + 0.105 1.55 + 0.09 
B 15 1.22 + 0.119 1.08 + 0.08 
Cc 18 1.27 + 0.123 1.14 + 0.08 


Figures 4 and 5 show the Sr90 concentration in the 
total skeletons of these stillborn infants, born in St. 
Louis during 1959 and 1960. This averaged 1.2 micro- 
microcuries per gram of calcium, and agrees with aver- 
ages for Western Culture areas. 


The Placenta Complicates the Picture 

The placenta discriminates against strontium. (There- 
fore, the portion of the tooth formed before birth tends to 
acquire less Sr90 than the postnatal portion.) Direct 
measurement has indicated that the total discrimination 
factor in animals from the mother’s diet to the bones of 
the fetus is about eight. That is, only about one-eighth 
of the amount of Sr90 per gram of calcium eaten by the 
mother will get into the fetal bone. So far, direct measure- 
ments in human beings have not been possible. 


Figure 4 
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One group of investigators compared average diet 
levels of Sr90 with levels in human fetal bones, and esti- 
mated that only one-twelfth of Sr90 in the mother’s diet 
appeared in the infant’s bone. A comparison of St. Louis 
fetal bone values with estimated average diet levels re- 
vealed a diet-to-bone ratio of nine to one. The diet-to- 
bone ratio after birth is known with considerable certainty 


Figure 5 
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Number of fetal skeletons containing different concentrations 
of strontium 90. (The same data shown in Fig. 4.) 

to be four to one. Thus, since teeth behave like bone, we 
see that the part of the tooth formed before birth would 
have only, let us say, one-twelfth of the dietary Sr90 
level, while the part formed after birth would have one- 
fourth, or three times as much. 

It is important to know, therefore, just how much 
of the tooth is formed before, and how much after, birth 
in order to calculate the prenatal and postnatal Sr90 level 
after the total tooth level is found by analysis. A com- 
parison of the average weights of all tooth types at birth 
and at the time of shedding was made using teeth from 33 
full-term stillborn babies and large numbers of shed, 
rootless teeth from the Baby Tooth Survey collection. It 
was found that in shed milk teeth, 32% of*the average 
incisor, 6% of the cuspid, 17% of the first molar, and 5% 
of the second molar, is formed before birth. This con- 
trasts with previous estimates that as much as 80% of 
the incisor is formed prenatally. 


How Teeth Show Diet and Bone Levels 

Teeth and bones accumulate Sr90 and calcium at the 
same ratio. We know the amount of tooth formed both 
before and after birth and the approximate degree to which 
the placenta will filter out strontium. We can now cal- 
culate from Sr90 levels measured in the shed teeth, the 
amount of Sr90 laid down in bones and teeth before and 
after birth and the amount present in the diet during the 
same period. The mathematics is relatively simple. 

Assume that the amount of Sr90 in the diet remains 
the same before and after birth. If the Sr90 concentration 
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which the mother eats is twelve times that which settles 
in her unborn baby’s bones, but the ratio after birth is 
only four to one, then the child will accumulate Sr90 
three times as quickly after birth as before (or, Post = 
3 Pre). We know that 32% of the incisor is formed before 
birth and 68% after. Post = 3 Pre and 0.32 Pre + 0.68 
Post = concentration in shed tooth. Therefore, Pre equals 
the concentration in the shed tooth divided by 2.36. 

Applying this formula tc the shed incisors of St. Louis 
children born in 1954, the results for fetal bone concen- 
tration and diet compare well with actual measurements 
made of fetal bone in Chicago for that year, and with the 
dietary level for Western Culture reported for that year. 
Even errors in the assumptions would not change these 
calculations much. 


CONCLUSION 

Since 1957, much has been learned about bone levels 
of Sr90 in fetus and child. The early collection and an- 
alysis of shed milk teeth can add greatly to this know- 
ledge. A large population can be so sampled and a 
continuous record of Sr90 absorption can be kept that 
will cover the entire fallout period anywhere in the world. 
This can allow us to fill in gaps elsewhere, and in areas 
and periods not previously studied by bone analysis. 

This does not mean that the methods used so far in 
St. Louis are the last word, for all purposes. A major 
idea behind this collection and study was the refinement 
of technique and method. Also, the St. Louis collection 
was designed not only for a simple monitoring program, 
but for a much more extended investigation now being 
conducted by the Washington University School of Dentis- 
try. For the early years of fallout, large pools of teeth are 
required to check the low concentrations of Sr90 — and 
no one could know how large they had to be. Now we 
know that the St. Louis methods can be considerably 
simplified and that collections smaller than ours would 
do to measure the annual Sr90 uptake. In addition, new 
analytic methods may reduce the number of teeth needed. 
This is encouraging since a collection the size of ours 
requires a tremendous amount of organization and work. 
The St. Louis collection remains truly unique, both in the 
years covered — including the early years of little fallout 
which can never be recaptured — and in sheer size and 
extent. Other cities, profiting from the St. Louis ex- 


perience, are now setting up tooth collection programs. 

Recommendations for the future are in order. The 
incisors emerge as the teeth of choice: they can be col- 
lected most easily (the badge and campaign have a 
greater appeal to the younger child); they have less 
cavities and imperfections, and a shorter time between 
tooth formation and shedding. Five thousand incisors 
a year, collected regularly, should, after two years, give 
enough data for any area, on Sr90 absorption for a period 
of time seven years before the collection started — if 
what we learned in St. Louis continues to be true. To 
check an early fallout period, would require a_ larger 
number of baby teeth of all kinds. 

At the beginning of the Baby Tooth Survey project, 

these questions were asked: 

1) Would teeth and bones developing in the same 
biologic environment accumulate Sr90 and calcium 
in the same ratio? 

2) Can collection of teeth be accomplished on a large 
enough scale? 

3) Can the analysis of shed milk teeth provide reliable 
information about strontium 90 deposition in bone? 


The answer to all is yes, 


This article, based on the paper by Dr. Reiss that appeared in Science, 
November 24,1961, was written by William Krasner a St. Louis free 
lance writer. 
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